ABSTRACT
Introduction
The hexaploid wheat Triticum aestivum is the most wide-spread agricultural crop. The wheat is the object of increasing interest on the part of scientists doing both applied studies and scientific research because of the wide area of distribution and the great economic significance. The biological improvement of the species is connected mainly with improving the quality of the protein contents, balance and enrichment with irreplaceable aminoacids, microelements, as well as enhancement of the immunity of the cereals. The modern scientific tendencies are in the following areas:
• Analysis of the wheat endosperm proteins during the development of the grain and in response to high temperature.
• The wheat gluten as a biopolymer.
• Genes what synthesize and code peptides with repeated structure on the basis of HMW glutenin subunits.
• Gluten, heat stress and deformation.
• Gluten in transgene wheat.
• Molecular characterization of a LMW and HMW genes of wheat.
• Disulphide bonds in LMW and HMW subunits of wheat gluten.
• Isolation and charakterization of a genes coding LMW-type proteins. Alpha-type gliadin genes.
• PCR analysis of genes encoding allelic variants of LMW and HMW subunits of gluten.
• Using BAC (bacterial artificial chromosome) to study of the gluten genes.
• Identification of retrotransposons in gluten and hordein genes.
• Using BAC to study the evolution and the divergency of cereal genomes. Phylogenetic analysis of gluten subunit genes from different Triticum species.
• Computer molecular modeling.
In 1745 the Italian professor Beccari isolated gluten as a water-insoluble fraction for the first time. Two hundred and sixty years have passed since this first scientific announcement and the storage endosperm proteins called gluten are still used today as wheat protein markers (without catalytic activity).
The gluten is a direct gene product, which has a complex genetic determination. It is big natural biopolymer. It has two basic structural characteristics -evolutionary conservatism and at the same time a relatively high degree of polymorphism. The first characteristic is determined by the fact that the structural genes are characterised by a high degree of conservatism. Because of those analogues of gluten proteins have been found in rye and they are called secalines; in barley -hordeins; in oats -avenines; as well in diploid representatives of Aegilops. Second, the alterations in the gluten structure are determined by the appearance of new structural states of the genes, which determine it. The presence of incertions, deletions and duplications of different size, intralocusen crossing-over and/or gene conversion are part of the reasons which lead to the appearance of new, different allele states of the gluten genes.
Low-molecular-weight gliadins and lowmolecular-weight glutenin subumits are related to the 17 kDa epsilon hordein, a protein from barley. These genes in wheat are located on the 4 chromosomes in group 7. This family of proteins forms a new class of seed-endosperm proteins (9).
Anderson et al (4) established the structural organization of the barley D-hordein locus. 120 kb D-hordein region of the barley genome is sequenced. The comparison of the data from the sequence analysis has shown the presence high degree of homology existing between D hordein and HMW glutenin subunits. The high degree of homology between D hordein and HMW glutenin subunits is related to cysteine residue conservation and repeats domain structure. 16 long terminal repeats (LTR) retrotransposons in the barley D hordein were identified.
In 1954 the American cytogeneticist Sears (42) obtained lines of hexaploid wheat, Chinese Spring variety which lack one chromosome pair (nullisomic) while another chromosome is represented in four copies (tetrasomic) and established that the chromosomal deficit can be compensated through an overdose of two particular chromosomes. The nulli-tetrasomic combination has a compensating effect only if it includes chromosomes of one and the same group. The 21 chromosomes of hexaploid wheat can be partitioned into seven homeologous groupings (each containing three chromosomes) using nullisomictetrasomic tests of Sears (42) . These groups are designated 1 -7 for each of the A, B and D genomes of hexaploid wheat. As a result of the use of nullisomic -tetrasomic test and ditelocentric wheat lines it became possible to study the genes which code for the storage proteins.
The prolamins of wheat
The prolamins of wheat are highly polymorphic polipeptide mixtures of >50 components with Mr values ranging from 30 000 to 90 000 Da (36) .
The storage wheat endosperm proteins are usually classified into two major groups: gliadins and glutenins. The gliadins consist of a complex mixture of single polypeptides. The glutenins consist of protein aggregates of molecular weight up to 20 x 10 6. They are formed by polypeptides that are held together through disulphide bonds. Both gliadin and glutenin belong to the group of prolamins. The storage proteins have very different biochemical and biophysical properties. The gliadins are soluble in 70% aqueous ethanol. The glutenins are insoluble in 70% aqueous ethanol but can dissolve in urea, mixtures of diluted acid and ionic detergents. The gluten dissociates into subunits after being treated with 2-mercaptoethanol. These subunits have different molecular mass. According to Payne [37] the storage proteins consist of approximately 10% high molecular glutenin subunits, 40% low molecular glutenin subunits and 50% gliadin.
Glutenins and Gliadins
The glutenins are divided into a low-molecular weight glutenin subunit /LMW/ group and a high-molecular-weight glutenin subunit /HMW/ group. Based on their mobilities on SDS-PAGE, HMW are divided into x -(83 -88 kDa) and y-type (67 -74 kDa) subunits. Three groups of LMW can be identified (with Mr 42 -51 kDa, Mr 30 -40 kDa, Mr 55 -70 kDa) subunits. HMW glutenin subunits are encoded by genes located in Glu-1 loci on the long arms of group 1 chromosomes (Fig. 1.) .
The HMW, which represent approximately 0.5% of the total seed dry weight, have been studied extensively because of their effect on elasticity, and hence the bread -making quality of wheat dough.
Genes encoding LMW and gliadins are located at loci on the short arms of chromosomes 1A, 1B and 1D and on the short arms of chromosomes 6A, 6B and 6D. Genes encoding (Gli-1), γ -gliadins and ω -gliadins are situated at loci on the short arms of chromosomes 1A, 1B and 1D. The genes for α -gliadins (Gli-2) are found on the short arms of chromosomes 6A, 6B and 6D. The genes controlling the x-and ysubunits are very tightly linked. On the basis of the recombination frequency Payne et al (37) obtained that the Glu-1 genes on the long arm of the group 1 chromosomes are distantly from Gli-1. The author observed the possition of the Glu-1 loci on the long arm of each of the group 1 wheat chromosomes (Fig. 2) .
The B -LMW subunits coded by genes at the Glu-3 loci have been linked only with ω and γ -gliadins coded at the Gli-1 loci on the short arm of chromosomes 1A and 1B (40) .
Six HMW genes are present in the hexaploid wheat. D'Ovidio et al. (11) have established that only three of them which code for subunits 1Bx, 1Dx and 1Dy are always expressed in all cultivars. The 1Ax and 1By are present in some cultivars and are not always expressed. The gene 1Ay is always silent in the cultivars.
It found that HMW are divided into xand y-type on the basis of the electrophoretic mobility of the NH 2 terminal aminoacid sequence and the chemotripsin processing (38, 39, 50) . The summary of the compiled experimental data showed that each locus (Glu-A1, Glu-B1 and Glu-D1) contains x-and y-type HMW genes. The HMW types have a similar structure: a central repetitive domain and smaller, terminal domains (Fig. 3) .
The N-terminal domain contains three cysteine residues in x-type subunits and five cystedine residues in y-type subunits. The C-terminal domain contains one cysteine residue in each of the two types (xand y-) of subunits. The central repetitive domain is composed of hexapeptides and nonapeptides in y-type and additionally of threepeptides in the x-type subunits. The central domain forms a β-spiral structure while the terminal, i.e. the nonrepetitive domains have globular structure of α-helixes (44). The repeated structure of the central domain is built of 6, 9 and 15 peptide motifs. They are rich in prolin and glutamin. (31, 43, 45) .
It has been established by SDS -PAGE method that the repeated structure of the central domain has a slow migration of the HMW subunits in comparison to the globular proteins (10) . The genetic variation of HMW glutenin subunits is usually studied by SDS-PAGE. The method gives an information about the molecular mass of single protein components (32) . The genetic variation of the storage proteins in the structural mutant forms of T.durum, T.aestivum together with their control forms, which were obtained by Georgiev (20, 21) after treatment with EMS, has been studied (13, 14, 15) . In this mutant forms Georgiev et al. (22) established the presence of the controlling elements like Ac/Ds.
The PCR analysis is also an effective method of determining the genetic polymorphism. Shewry et al (43) have found that the high variation in size between different HMW glutenin subunits is a result of differences in the number of hexa-and threepeptides. Oligonucleotide primers have been constructed on the basis of the nucleotide sequence of HMW glutenin genes present in T. aestivum l.cv "cheyenne". They have also been used in amplifying HMW genes of diploid and tetraploid wheat types.
D'Ovidio (12) found a high degree of polymorphism of HMW genes of T.urartu Tuman., T.longissimum and T.speltoides and a low degree of polymorphism for T.tauschii using PCR analysis. PCR (41) was used for amplification of a specific coding locus of genes in Glu-1 locus, the N-terminal locus of 1Dx gene and the repeated locus of the 1Dx gene. The nucleotide sequence, including the signaling peptides of HMW glutenin genes has been determined.
Anderson and Green (1) The PCR analysis demonstrated that the N-and C-terminal nucleotide sequences of the HMW glutenin genes are very similar. The slight differences are connected with single nucleotides.
Shewry have established that the mobility of HMW glutenin subunits in SDS-PAGE do not always correspond to their molecular weight (44) . The deviations in the migration of the glutenin proteins in SDS-PAGE could be a problem whenever it is necessary to select parent lines for selection programmes. This problem could be overcome through the use of RP-HPLC analysis or through the application of PCR (33) .
The analysis of the organization of Gli-1 and Gli-2 loci is limited by the low frequency of intralocus recombination (43, 44) . The members of a sub-family of pseudogenes in α-gliadin storage proteins of wheat have been characterized.
Using BAC to study wheat gluten
YACs (yest arttificial chromosome) (7) and BACs (bacterial artificial chromosomes) can be use for cloning and sequensing of large DNA fragments (47) . The prevalences of BAC libraries: BAC DNA is isolated quick and easy; high frequency of transformation; low frequency of isolation of chimeric clones. The use of BAC gave possibilities to clone full lenght of intrones, exons, promoters and to construct physical maps of genomes of different kind of organisms.
The small genomes like those of rice (54, 57), sorghum (55), sugarcane (52), barley (56) , Triticum tausckii (35) and Triticum monococcum (33) were studied at the first time.
The studies related to the use of BAC for establisment of characteristics of hexaploid wheat started in the last years. The size of wheat genome is 1.6x10 10 bp (5). This is 40 times the size of the rice genome.
Anderson et al (4) used BAC clone from the genome of Triticum tauschii for analys of the two x-and y-type HMW glutenin genes of the Glu-D1 locus.
This genes are 51 893 bp. There are two retrotransposons clusters of 31 000 bp and 32 000 bp. There are also two globulin, two (leucine-rich-repeat) LRR /kinase and two hypothetical genes in the immediate region of the HMW glutenin genes. Anderson et al (24) used BAC to study molecular organization and dinamic evolution of the complex alpha-gliadin gene loci in wheat. BAC clones were used to study the organization of the Gli-2 loci from tetraploid wheat Triticum turgidum ssp. durum (2n=4x=28, AB genome).
Using the method Southern blot analysis of genomic DNA and BAC clones the LMW glutenin gene family of Aegilops tauschii was studied (30) . Seven LMW glutenin genes were characterized. The molecular mass of the proteins of these genes is between 32.2 kDa and 39.6 kDa.
The use of wheat gluten as protein marker gives possibillities to study the evolution of genes from different species
The use of constructed BAC chromosomes gives possibilities to study the evolution and the divergency of cereal genomes. The sequencing of homologous regions of chromosomes from rice and maize containing 33 genes has revealed that several of the rice genes did not hybridize with maize genes. It indicates probably that these genes are not present in maize or they have undergone a higher rate of evolution (49) .
Using the BAC method the three genomes of hexaploid wheat were compared. The comparison of flanking DNA sequences of three of the orthologous and paralogous x-and y-type HMW glutenin genes has shown that they have divegency The genes D x 2 and B x 7 were compared as well. The comparison of these two genes shows the existence of difference which is result of insertions / deletions. Some of these differences are due to transposon inserts.
An important aspect of the comparison of related genomes is to recieve information about gene colinearity after significant evolutionary divergence. The data about the colinearity has been found in different loci among:
• Rice and sorghum (8) • Wheat, barley, maize and rice (17) • Rice and barley (16) Sequence similary in the exons, promoters and immediate 3' untranslated regions for HMW glutenin genes (3) has been also established.
The source of genome divergency is the action of retrotransposons
The first molecular evidence that retrotransposons insertion occurs in the genes are HMW glutenin genes. Harbert et al (28) have established that an 8-kb WIS-2-1 A copya-type retrotransposon is inserted in the coding region of an Ay gene.
Silent Glu1 Allele
It has been found that some hexaploid wheat types have a "silent" Glu-1y allele that is localized in a 1A chromosome. Two such Glu-1y alleles of different wheat types were compared and it was found that one of them contains 8 kb insertion called WIS-2 by Flavell (18) . The place of the insertion is limited by a duplication containing 5 bp. The two ends of the WIS-2 insertion have similar sequences of more than 500 bp and their ends contain nearly the same short sequences but in a different orientation. These terminal sequences correspond to some "retroposon"-type transposone elements found in other organisms.
The genes for HMW glutenin proteins that are localized in a 1A wheat chromosome (51) of Ch Spring are of great interest due to the fact that they were synthesized. Two of them are specific to 1B chromosome and other two -1D chromosome (39) .
Other wheat variety such as Cheyenne shows a presence of bands characteristic to the high molecular glutenin proteins. It turns out that in the modern wheat types the subunit, characteristic of the y-type localized in a 1A chromosome, is lacking in Glu-A1 y locus. This gene (Glu-A1y) is probably "silent" because it has one stop codon, which is located in the reading framework, and because of this does not form a translational product. Flavell (28) cloned a DNA fragment containing the Ch Spring GluA1y locus and compared it with that of Cheyenne. He (28) found that the genes, which are present in the DNA insertion in the coding locus of the Ch Spring Glu-A1y, are absent from the Cheyenne Glu A1y. He has established that the two insertions differ in the number of the repeated units in their central repetitive loci (27, 51) . Apart of an 8 kb insertion called WIS-2, a WIS-1 located close to α-amilase gene has been found (28) . The WIS-2 insertion of the Ch Spring Glu-A1y gene is characterized with the following terminal bases: 5'TGTTGG and 3'CCTACA. They are inverted duplications what are different only in one base pair. The terminal inverted repeats are one of the specific and universal characteristics of the genetic control elements.
Renato D'Ovidio, Domenico Lafiandra and Porceddu (10) identified and characterized a big insertion inside the repeated domain of the gene for high molecular glutenin subunit in hexaploid wheat. These authors found that the insertion is 561 bp long and it codes 187 amino acids.
The existance of intact or full lenght retrotransposons are common in wheat and maize genomes.
In the last years the studies on Triticeae genomes have revealed the presence of LTRs in their genes. Such type of gene is Adh1 maize gene where San Miguel et al (8) found some LTRs.
Vicient et al (53) shown that 3% of barley genome consist of BARE-1 retrotransposons.
The hypothesis of the origin of LTRs is based on the possible homologous recombination between LTRs. The result of the crossingover is the loss of one of the LTRs and the intervening sequence between LTRs (8). Such mechanism of conversion is realized probably in barley where Shirasu suggested that the process of the described mechanism of recombination is prevalent over the process of integration of intact element. Four solo -LTRs belong to four different classes of retrotransposons are found within 10-kb region of BAC BHMWGlu-4 domain 4.
Allergy and intolerance
Gliadins determine the viscosity of the dough, i.e. their ability to fix the carbon dioxide released by the yeast. The strong variation in each Glu-1 locus (38, 39) and the polymorphism in the size of the repeated domain of the HMW subunit (11, 12) are the reason for the different functional characteristics of the storage proteins. The quality of the flour strictly correlates with the size and the type of gluten polymers whose subunits are linked together with disulphide bridges and the number and/or locus of the cysteine residues (29, 48) . Although the different loci coding for wheat storage proteins and a great number of alleles are well known, the different factors of regulating the control and balance of their biosynthesis and mechanisms of polymerization have not yet been studied in detail. The use of appropriate proteomic approaches combined with classical and new genetic methods and genetic-engineering techniques the issues outlined above can be clarified.
Food allergy is now recognized as an important food safety problem spreaded among 2-3% of the human population. Many people are allergic to wheat gluten and to barley and rye prolamins. During food processing the gluten could be modified partially or totally. Most of the ELISA kits used today based on an antibody against the omega-gliadin (omega-gliadins represent 5-20% of the total prolamins) fraction of wheat do not equally detect prolamins in barley or in rye. However, the new RIDASCREEN ® Gliadin and RIDASCREEN ® FAST Gliadin from RBiopharm is able to detect gluten in wheat, rye and barley because it uses monoclonal anti-bodies to prolamins of wheat, rye and barley. The RIDA ® QUICK Gliadin is based on an immuno-chromatographic test for the detection of gluten in foodstuff.
Conclusions
The fundamental and applied research on wheat gluten contribute to the clarification of important issues in the field of genetics, immunogenetics, pharmacogenetics, and biochemistry of high molecular natural biopolymers, as well as of some aspects of the evolution of wheat.
